Force-induced rupture of double-stranded DNA in the absence and presence of covalently bonded anti-tumor drugs: Insights from molecular dynamics simulations.
DNA intra-strand cross-link (ICL) agents are widely used in the treatment of cancer. ICLs are thought to form a link between the same strand (intra-strand) or complimentary strand (inter-strand) and thereby increase the stability of DNA, which forbids the processes like replication and transcription. As a result, cell death occurs. In this work, we have studied the enhanced stability of a double stranded DNA in the presence of ICLs and compared our findings with the results obtained in the absence of these links. Using atomistic simulations with explicit solvent, a force is applied along and perpendicular to the direction of the helix and we measured the rupture force and the unzipping force of DNA-ICL complexes. Our results show that the rupture and the unzipping forces increase significantly in the presence of these links. The ICLs bind to the minor groove of DNA, which enhance the DNA stabilisation. Such information may be used to design alternative drugs that can stall replication and transcription that are critical to a growing number of anticancer drug discovery efforts.